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Diagnostic performance of a tear protein panel in early dry eye 
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Purpose: To evaluate the tear protein pattern in patients with recent subjective symptoms of dry eye (DE) and with poor 
distinctive DE clinical signs. 

Methods: One hundred sixty patients suspected of suffering from mild to moderate DE according to the Dry Eye 
Workshop (DEWS report 2007) severity grade and 45 matched normal volunteers were included in the study. Subjective 
symptom score (Ocular Surface Disease index score), Schirmer test I, tear film break-up time, cornea and conjunctiva 
staining (National Eye Institute score); and tear protein analysis were performed. Statistical evaluation of data was 
performed with Mann-Whitney unpaired and Student t tests, (significance p<0.05). Correlations between variables 
were evaluated by using Pearson's (r) or Spearman's (p) correlation coefficients. Thresholds were selected from receiver 
operating curves; sensitivity, specificity, likelihood ratio (LR+), and positive predictive values were calculated for each 
protein. The combination of variables was carried out by univariate analysis, representing the best combination of tests 
for early DE diagnosis. 

Results: Total protein content (TP) and the following proteins were recognized in all samples: lysozyme-C (LYS- 
C), lactoferrin (LACTO), tear lipocalin 1 (LIPOC-1), zinc-alpha-2-glycoprotein (ZAG-2), transferrin (TRANSF), and 
exudated serum albumin (ALB). A statistically significant decrease was demonstrated between normal subjects and 
patients with DE (mg/ml, mean±SD) for TP (9.89±2.28 versus 6.44±2.1), LYS-C (3.06±1.07 versus 2.15±0.78), LIPOC-1 
(1.71±0.52 versus 0.98±0.5), ZAG-2 (0.43±0.24 versus 0.25±0.2), TRANSF (0.9±0.6 versus 0.33±0.3), and LACTO 
(2.11±0.74 versus 1.47±0.76), while an increase was found for ALB (0.21±0.5 versus 0.94±1.28). LIPOC-1 and ZAG-2 
were strongly correlated to tear film break-up time. The proteins were related to the DEWS severity grade. Changes 
in each protein were a better predictor of early DE than were clinical variables; TP, LIPOC-1, and ALB exhibited the 
highest diagnostic performance either alone (LR+ 16.7, 12.3, 4.7, respectively) or when combined in a univariate analysis 
(LR+: 41.8, positive predictive value: 99.9). 

Conclusions: Our results demonstrated in tears from patients with early DE a significant reduction in tear protein content 
as a whole, associated with a decrease in proteins with antibacterial and protective functions. A decrease in proteins with 
lipid binding properties and an increase in inflammatory-related proteins were also shown. Changes in the abundance of a 
panel of tear proteins with divergent functions was found to better diagnose early DE than did conventional clinical tests. 



Dry eye (DE) is recognized as a multifactorial chronic 
disease, evolving gradually through variable severity stages 
as homeostatic mechanisms fail to compensate in response 
to multiple stress factors over time [1]. A weak correlation 
exists between subjective symptoms of discomfort and objec- 
tive clinical parameters. This is particularly true in the early 
stages when clinical signs may be mild or lacking all together 
[2]. 

Increasing scientific evidence supports tear protein 
analysis as a promising candidate for broadening the knowl- 
edge surrounding the pathology of DE as changes in tear 
proteomes can reflect the state of the ocular surface and 
highlight disease state. The human tear protein pattern has 
been evaluated in the past with several analytical methods [3], 
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with particular reference to changes in advanced stages of DE 
as occurs in patients with Sjogren's syndrome [4-7]. The most 
recent mass spectrometry research has been dedicated to 
discovering protein biomarker(s) that could assist with early 
diagnosis or follow-in DE progression [8-11]; however, inte- 
gration of human tear proteomics into daily clinical activity 
is still in progress. Analysis of tear film protein composition 
in routine practice has been hampered in the past primarily 
by poor sample size and variability in collection methods. 
Therefore, determining a protein candidate is a diagnostic 
marker in the everyday routine is still an unmet need. 

In previous works [12,13], the application of a chip-based 
miniaturized capillary gel electrophoresis device in evalu- 
ating human tear proteins was demonstrated. Our group, in 
particular, validated the system [13] and the quantitative 
evaluation of the tear protein pattern, which could have been 
of potential interest in DE early diagnosis. The purpose of 
the present work was to analyze tears from normal subjects 
and from patients with early to mild DE and to calculate 
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Table 1. Demography of the population included in the 



STUDY ACCORDING TO AGE (MEDIUM ±SD) AND GENDER. 



number 


controls 


DE patients 


total 


males 


17 


24 


41 


females 


28 


136 


164 


total/subgroup 


45 


160 


205 


age (yrs) 


controls 


DE patients 


total 


males 


45.5±11.2 


49.3±19 


47.6±16.1 


females 


43.2±8.4 


51.4±15.9 


49.9±15.2 



the diagnostic performance of these proteins either alone or 
grouped in a panel. 

METHODS 

A total of 205 subjects, including 160 patients clinically 
diagnosed as suffering mild to moderate DE and 45 healthy 
controls, were included; details about the study population are 
given in Table 1. The study was conducted in accordance with 
the current ethical principles of the Declaration of Helsinki. 
The visits were all carried out during morning office hours, 
approximately 8 AM through 1 PM. 

Patients were classified as Grade 1-2 DE severity 
according to a modified Dry Eye Workshop (DEWS) scheme 
(Table 2) [2,14]. Patient inclusion criteria were as follows: 
mild subjective symptoms of ocular discomfort (for at least 3 
months but not more than 1 year) as evaluated with an Ocular 
Surface Disease index (OSDI) questionnaire [15] (score 
12-30) and occasional use of tear substitutes, suspended since 
at least 1 day before tears were collected. 

Inclusion criteria for healthy control subjects was 
absence of subjective symptoms of ocular discomfort (OSDI 
score <12). In both groups, the exclusion criteria considered 



the presence of autoimmune disease, the use of contact lens, 
and any ocular surgery in the previous year. 

Tear film break-up time (TFBUT) and Schirmer test I 
were carried out according to DEWS guidelines [16]. Corneal 
and conjunctival vital staining was performed by using 
sodium fluorescein and graded according to the National 
Eye Institute (NEI) grading system [17]. Briefly, corneal 
staining was graded with a score of 0-3 (0=normal and 
3=severe) assigned to each of five corneal zones (superior, 
nasal, central, inferior, temporal) with a maximum total score 
of 15. Conjunctival staining was recorded for three areas of 
temporal and nasal conjunctiva of each eye and graded 0-3 as 
above for each zone with a maximum score of 18. 

Patients were requested to position their head laterally 
for a minimum of 1 min for tears to accumulate at the outer 
canthus. A minimum amount (5 uL) of tears was carefully 
aspirated by using a micropipette with sterile tips, paying 
attention not to touch the conjunctiva to avoid reflex lach- 
rymation and consequently sample dilution. Aspirated tears 
were then centrifuged at 13.200 x g for 15 min, and the 
supernatant was aspirated and stored in low protein adsorp- 
tion surface plastic vials at 4 °C until analysis, performed 
within 2 days. On occasion, the storage period was forcibly 
prolonged up to 2 weeks, in which case the samples were 
stored at -20 °C. Chip-based analysis was performed with 
the Agilent 2100 Bioanalyzer system (Agilent, Waldbronn, 
Germany), using the LabChip Kit Protein 230, according to 
the manufacturer's instructions, as previously described [13]. 
All reagents were provided with the kit, including the stan- 
dard protein ladder containing different proteins with known 
concentration and molecular weights that can be used for 
semiquantitative analysis. Briefly, 2 pi of tears were diluted 
in sample buffer with 1 M dithiothreitol solution (DTT), 
denaturated in boiling water for 5 min, cooled down on ice, 



Table 2. DE severity grade according to DEWS guidelines modified by Asbell and Lemp [11]. 



Variables 


1 


Severity 


grade 


4 


2 


3 


Symptoms-OSDI score 


12-15 


16-30 


31-45 


>45 


TFBUT, sec 


8-15 


<10 


<5 


immediate 


Schirmer test, mm 15 min 


<10-15 


<10 


<5 


<2 


Corneal staining, NEI scale 0-15 


0-3 


1-8 


9-14 


14-15 


Conjunctival staining, NEI scale, 0-18 


0-3 


1-7 


8-14 


15-18 


Number of patients 


55 


105 







Description of the severity grades is as follows: mild dry eye disease (DEWS severity 1 and 2), moderate- 
severe dry eye disease (DEWS severity 3 and 4). Clinicians classified patients of the present study as grade 
1 (n=55)orgrade2(n=105). 
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Table 3. Summary of the recognized proteins, protein name in Swiss-Prot database, align- 
ment IN THE VIRTUAL BlOANALYZER ELECTROPHEROGRAM ACCORDING TO kDa RANGE, FUNCTION. 



Protein 


PROT NAME 


kDa range Lab- 


Function 


name (abbreviation) 


DATABASE 


chip Kit 230 


Lysozyme (LYS-C) 


LYSC HUMAN 
(P61626) 


14.3 - 15.0 


Antibacterial enzyme. Innate immunity 


Lipocalin-1 (LIPOC-1) 


LCN1_HUMAN 
(P31025) 


18.1 - 19.9 


Ability to bind and transport small, hydrophobic molecules 


Zinc-a2- 
glycoprotein (ZAG-2) 


ZA2GHUMAN 
(P25311) 


30.5-36.0 


Lipid breakdown in adipocytes, specific role in tears not 
known . Possible role in immunity 


Albumin (ALB) 


ALBU_HUMAN 
(P02768) 


59.1 - 65.4 


Transportation of free fatty acids, stabilizing the osmotic 
pressure 


Lactotransferrin (LACTO) 


TRFLHUMAN 
(P02788) 


93.7 - 99.3 
105.2-110* 


Inhibitor of bacterial growth. Possible anti-inflammatory 
properties. Innate immunity 


Serotransferrin (TRANSF) 


TRFEHUMAN 
(P02787) 


73.5-78.4 


Iron binding transport 



- A shoulder peak for lactotransferrin is found in this analysis performed with the Protein 230 kit 



and centrifuged for 15 s. Then 84 pi deionized water was 
added to the ladder and samples. A 6 pi aliquot of this solu- 
tion was loaded onto the chip, which was first filled with a 
gel/dye mix and destaining solution. Separated proteins were 
detected with laser-induced fluorescence. The sample buffer 
included an upper and a lower marker of known molecular 
weight. 

Total protein (TP) content and peaks for lysozyme C 
(LYS-C), tear lipocalin-1 (LIPOC-1), zinc-alpha-2-glycopro- 
tein (ZAG-2), serotransferrin (TRANSF), lactotransferrin 
(LACTO), and exudated serum albumin (ALB) were recog- 
nized at given molecular weights (Table 3). Proteins were 
expressed either as % versus total protein content and as mg/ 
ml tear sample as described earlier [13]. 

Statistical analysis: Statistical evaluation was performed 
using MedCalc and SPSS 14 software, applying the Mann- 
Whitney and unpaired Student t tests. The linear relationship 
between each protein and each clinical variable was evalu- 
ated with Pearson's (r) or Spearman's (p) correlation coef- 
ficient (range -1 to 1). Strength of correlation was estimated 
according to coefficient magnitude as follows: 0.5-1.0, high 
correlation; 0.5-0.3, moderate correlation; and 0.3-0.1, small 
if any (linear) correlation [18]. Correlations were considered 
statistically significant at p<0.05. 

Diagnostic value for each protein was analyzed for 
sensitivity (the ability to correctly identify patients with 
the disease), specificity (the ability to correctly identify 
patients without the disease), likelihood ratio (LR+, how 
much more likely is it that a patient who tests positive has the 
disease compared with one who tests negative), and positive 



predictive values (PPV, how likely is it that a patient has the 
disease given that the test result is positive). Parameters for 
receiver operator characteristic (ROC) curves were calculated 
and in particular the area under the curve, which represents 
the overall accuracy of a test, with a value approaching 1.0, 
indicating high sensitivity and specificity. ROC curves are 
used to determine a cut-off value for a given clinical test able 
to classify cases as positive or negative. 

The prevalence of DE was calculated having as a 
reference the population included in the present study. In a 
univariate analysis, cut-off points from the ROC curves of the 
proteins and tests were selected and combined into a defini- 
tion for a positive DE diagnosis, and diagnostic parameters 
were calculated for any combination panel. Values for p less 
than 0.05 were regarded as statistically significant. 

RESULTS 

Figure 1 shows overlapping electropherograms from a repre- 
sentative normal subject and a patient with DE with peaks 
of interest numbered, and the relative virtual gel images. A 
summary of the recognized proteins and their alignment in 
the virtual bioanalyzer electropherogram according to kDa 
range is given in Table 3. 

Results from clinical tests are reported in Table 4; the 
OSDI results had an incorporation bias. The other clinical 
tests showed statistically significant changes in patients 
with DE versus controls, except the Schirmer test I, which 
remained unchanged. The epithelial damage evaluated as the 
vital staining NEI score, however, was mild in the DE group. 
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Table 4. Descriptive statistics for clinical tests analyzed in normal subjects versus DE patients. 



test 


value 


Normal subjects 


DE patients 


P 


OSDI * 


score 


3.5±2.1 


25.2±4.9 


<0.0001 


TFBUT 


seconds 


12.6±1.9 


7.8±3.6 


<0.0001 


Schirmer test I 


mm/5 min 


24.8±6.2 


23±12.1 


0.01 


Cornea NEI 


score 


0.06±0.25 


1.17±0.96 


<0.0001 


Conjunctiva NEI 


score 


0.35±0.41 


2.43±1.46 


<0.0001 



Results are summarized (mean ± SD) for subjective symptom (OSDI, Ocular Surface Disease Index score), 
Tear Film Break-Up time (TFBUT), Schirmer test I, Corneal and Conjunctival vital staining scored by the 
National Eye Institute (NEI) grading system. Results from all tests, except Schirmer test 1, were shown to 
be statistically significant. * incorporation bias 



All tear samples were successfully collected and 
analyzed with the 2100 Bioanalyzer. A 2 pi tear sample was a 
suitable amount for analysis in the detection system to obtain 
a well-defined protein separation and a readable virtual band 
image, without any overlapping of the bands of interest. 

The recognized protein bands were visible in all samples, 
but the tear protein profiles were different between the 
normal subjects and the patients with DE. In particular, a 
statistically significant decrease was demonstrated between 
the normal subjects and the patients with DE (mean±SD) 



for TP, LIPOC-1, ZAG-2, TRANSF, and LACTO, while an 
increase was observed for ALB. Data are summarized as 
relative % versus total tear protein and as absolute content in 
mg/ml tear (Table 5). 

All proteins except LYS-C showed the same trend either 
as relative or absolute content. The relative % of LYS-C 
did not significantly change in tears from patients with DE 
patients versus tears from controls. 

The correlation values between each protein and 
clinical variables are summarized in Table 5. Moderate 
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percentage of each protein versus total protein content for both (N) normal subject and (DE) 
protein concentration expressed in ng/microliter 



Figure 1. Data from 2100 Bioana- 
lyzer analysis. Upper left: Electro- 
pherograms from a representative 
normal subject (blue line) and a 
dry eye (DE) patient (red line) 
are here aligned and overlapped. 
Recognized peaks of interest are 
numbered 1 through 11. Upper 
right: The virtual gel images related 
to both samples are here compared 
showing different intensity of 
corresponding bands between 
normal subject and DE patient. 
Bands are here also numbered 1 
through 11. Table at the bottom 
summarizes for each peak the 
following parameters: recognized 
molecular weight in kDa, name 
of the protein assigned on the 
basis of the validation process 
[@dl3], concentration of each 
protein expressed in ng/microliter, 
patient. The last line of this table reports total 
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Table 5. Summary of the results for normal control subjects and DE patients (medium + SD), 

DATA ARE EXPRESSED AS PERCENTAGE (%) VERSUS TOTAL CONTENT AND MC/ML SAMPLE. 



% versus total protein content mg/ml 



Analite 


Normal subjects 


DE patients 


P 


Normal 
subjects 


DE patients 


P 


LYS-C 


34.96±6.78 


34.92±9.49 


0.09 


3.06±1.08 


2.15±0.78 


<0.0001 


LACTO 


24.14±5.08 


21.44±6.69 


0.01 


2.11±0.74 


1.4±0.76 


<0.0001 


LIPOC-1 


18.26±4 


15.27±6.03 


0.0002 


1.71±0.52 


0.98±0.49 


<0.0001 


TRANSF 


9.58±2.96 


4.52±3.78 


<0.0001 


0.89±0.67 


0.33±0.36 


<0.0001 


ALB 


4.27±4 


11.91±12.82 


<0.0001 


0.21±0.55 


0.94±1.28 


<0.0001 


ZAG-2 


4.94±1.05 


3.13±2.28 


<0.0001 


0.43±0.24 


0.25±0.22 


<0.0001 


Total Protein (TP) 








9.89±2.28 


6.44±2.1 


<0.0001 



Total Protein content is only expressed in absolute value mg/ml. A statistically significant decrease was demonstrated in all proteins, 
except albumin that showed a significant increase in DE patients versus controls. 



to high correlations were found and in particular between 
some selected proteins (LIPOC-1, ZAG-2 LACTO, TP) 
and TFBUT. Low to insignificant correlations between any 
protein and the Schirmer test I were found. All proteins were 
inversely correlated to the DEWS severity score, except ALB, 
for which a direct correlation was found. The OSDI subjec- 
tive symptom score appeared inversely correlated to TP and 
LACTO (Table 6). 

The diagnostic accuracy for each protein was assessed 
and compared, and a cut-off value assigned for each protein. 
In Table 7, the results from the ROC curve analysis in patients 
with mild to moderate DE versus controls are listed. As a 
test for DE, the cut-off points were selected with emphasis 
on specificity to compensate for the loss of specificity that 
inevitably occurs when variables are combined as a test for 
DE. Clinical test performance suffered to some extent by bias 
derived from predefined inclusion criteria; despite this, the 



Schirmer test I showed poor diagnostic performance. High 
specificity and PPVs were found for all proteins. 

To improve the diagnostic potential of the tests, different 
combinations of variables were associated, and their perfor- 
mance was calculated; the most significant combinations 
are summarized in Table 8. The combination of TFBUT, 
Schirmer Test I, and corneal vital staining NEI score exhib- 
ited high PPVs (Table 8 combination #1 and #2), but this was 
possibly related to an inclusion bias error. Combinations of 
different proteins showed the highest performance: the asso- 
ciation TRANSF - TP - LIPOC-1 (Table 8, combination #3) 
showed the highest specificity and sensitivity values, while 
the association ALB - TP - LIPOC-1 (Table 8, combination 
#4) reached a PPV of 99.9 and a 20-fold increase in the LR+ 
value compared to the standard association of TFBUT and 
Schirmer test I. 



Table 6. Pearson's r or Spearman's p correlation coefficients between tear 
protein and clinical parameter (significance p<0.05). 



Test 
variable 




OSDI 


TFBUT 


Schirmer test 1 


Cornea NEI 


Conjunctiva NEI 


DE severity score 


LYS-C 


r= 


=- 0.28p=0.0001 


r=0.11 p=0.12 


r=0.12 p=0.12 


r=-0.28 p=0.0001 


r=-0.16p=0.01 


P= 


- 0.39 p<0.0001 


LACTO 


p 


=-0.35 pO.OOOl 


r=0.35 pO.OOOl 


r=0.07 p=0.2 


r=-0.30 pO.OOOl 


r=-0.24p=0.0006 


P= 


- 0.36 pO.OOOl 


LIPOC-1 


p 


=- 0.31 pO.OOOl 


r=0.39 pO.OOOl 


r=0.16p=0.02 


r=- 0.42 pO.OOOl 


r=-0.23 p=0.001 


P= 


-0.57 pO.OOOl 


TRANSF 


r 


=-0.28 p<0.0001 


r=0.17p=0.01 


r=-0.20 p=0.003 


r=-0.30 pO.OOOl 


r=-0.24 p=0.0006 


P= 


-0.37 pO.OOOl 


ALB 




r=0.09 p=0.1 


r=- 0.22 p=0.001 


r=-0.15 p=0.4 


r=0.16 p=0.02 


r=0.21 p=0.002 


P= 


=0.52 pO.OOOl 


ZAG-2 




r=-0.16p=0.03 


r=0.41 pO.OOOl 


r=0.13 p=0.7 


r=-0.3 p=0.001 


r=-0.12p=0.2 


P= 


-0.35 pO.OOOl 


TP 


P 


=-0.35 pO.OOOl 


r=0.33 pO.OOOl 


r=-0.06 p=0.4 


r=- 0.36 pO.OOOl 


r=-0.33 p=0.001 


P= 


-0.54 pO.OOOl 



OSDI, ocular surface disease index; TFBUT, tear film break-up time, Corneal and Conjunctival vital staining scored by the National Eye 
Institute (NEI) grade system. DE severity was scored as 1 or 2 according to Asbell and Lemp [14]. 
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Table 7. Diagnostic performance of clinical tests and proteins. 














ROC curve 


analysis 


parameters 


Test variable 


Cut-off points 


Specificity 


Sensitivity 


LR+ 


PPV 


Area under 
the curve 


Standard 
error 


95% confidence 
interval 


Schirmer test I 


<10 mm / 5' 


84.4 


37.7 


2.43 


89.6 


0.594 


0.049 


0.523 -0.662 


TFBUT 


<10 s 


76.6 


75.5 


3.13 


91.5 


0.87 


0.035 


0.816-0.914 


Cornea NEI 


score >0 


93.3 


30.6 


5,04 


21,0 


0,664 


0,054 


0,566 - 0,754 


Conjunctiva NEI 


Score >0 


66,7 


68.7 


10.3 


97.3 


0.824 


0.03 


0.765 - 0.874 


ZAG-2 


<0.4 mg / ml 


87.5 


56.9 


2.03 


81.8 


0.759 


0.041 


0.691-0.819 


ALB 


>10%versus total TP 


90.9 


42.5 


4.7 


97.1 


0.729 


0.05 


0.657-0.793 


LACTO 


<1.2 mg / ml 


93.2 


44.2 


6.4 


94.5 


0.812 


0.036 


0.753-0.861 


LIPOC-1 


<1.1 mg / ml 


94.9 


65.5 


12.3 


97.1 


0.843 


0.034 


0.787-0.888 


TP 


<6.5 mg / ml 


96.6 


55 


16.7 


97.8 


0.861 


0.032 


0.808-0.904 


LYS-C 


<2.0 mg / ml 


96.6 


57.8 


17.7 


97.9 


0.826 


0.032 


0.813-0.908 


TRANSF 


<0.3 mg/ml 


96.7 


70.8 


18 


98.1 


0.885 


0,030 


0.798- 0.903 



Specificity, sensitivity, positive likelihood ratio (LR+) Positive Predictive Value (PPV+) and parameters of ROC curve analysis for each 
test or protein were calculated comparing normal control subjects versus DE patients. Data are listed on increasing value of LR+. Expla- 
nation in the text, sections Methods and Discussion 



Thus, these analyses simply demonstrated which proteins 
were present. A recent study using quantitative mass spec 
(iTRAQ) demonstrated equivalent variations in the proteins 
we present here [11]. Unfortunately, iTRAQ analysis is not 
a clinical option for analyzing individual patients for many 
obvious reasons. Some biomarkers have been recently 
proposed [20], such as interleukin-1 receptor antagonist 
(IL-IRa), interleukin-8 [9], and other tear cytokines, chemo- 
kines, and soluble receptors [8,21] shown to be associated 
with DE clinical signs and disease severity. Enhanced matrix 
metalloproteinase-9 was also demonstrated to be a biomarker 
for diagnosing inflammation in DE [10]. In contrast, lach- 
rymal proline-rich 4 protein in tears specifically from lach- 
rymal gland secretion were significantly downregulated in 
all types of dry eye, correlating with disease severity [22]. 
Lacritin also appears to be downregulated in DE [23], and 
this finding may explain impairment of autocrine/paracrine 



Table 8. Clinical tests and tear proteins were combined as a test for early DE diagnosis. 


Combi- 
nation n. 


Criteria for classifying DE variable (cut off point) 


Specificity 


Sensitivity 


LR+ 


PPV 


1 


TFBUT <10 s OR Schirmer test I <10 mm / 5' 


60.0 


84.0 


2.11 


88.0 


2 


TFBUT <10 s OR Cornea NEI score >0 


90.0 


93.0 


13.4 


96.1 


3 


TRANSF <0.3 mg/ml OR TP <6.5 mg / ml OR LIPOC-1 <1.1 mg / ml 


96.0 


98.0 


20.9 


99.0 


4 


ALB >10%versus total TP OR TP <6.5 mg / ml OR LIPOC-1 <1.1 mg / ml 


98.0 


91.0 


41.8 


99.9 



The table summarizes the combinations with the best diagnostic performance. The combination of TFBUT, Schirmer Test I, corneal vital 
staining NEI score exhibited high PPV values (combination #1 and #2). The association TRANSF - TP - LIPOC-1 (combination #3) 
showed the highest values of specificity and sensitivity, while the association ALB - TP - LIPOC-1 (combination #4) reached a PPV 99.9 
value and a 20 fold LR+ value as compared to association of clinical tests. 



DISCUSSION 

DE is an often underestimated condition, but increasing 
scientific evidence over the last few years has highlighted 
its high prevalence, and DE is now considered a significant 
healthcare problem. DE impairs not only patients' quality of 
life but also impacts the economy in many aspects [19]; thus, 
early diagnosis and effective appropriate therapy are now 
addressed issues. 

Tear proteomics is a promising area of research exploring 
the specific protein complexes able to differentiate patients 
with DE from control subjects as well as new technolo- 
gies to objectively confirm patients' subjective discomfort. 
Early mass spectrometry-based studies missed many of the 
changes in proteins present due to the inherent design of the 
procedures that foresee the analysis of equal amounts of total 
protein in the absence of variables for volume or quantitation. 
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functions of the lachrymal function unit such as basal secre- 
tion. Tear osmolarity measurement has also been proposed 
as a biomarker of dry eye severity [24] with high diagnostic 
performance [25]. 

Previously, the 2100 Bioanalyzer was shown to provide 
total tear protein content and concentration of specific tear 
proteins with significant time saving, improved ease of 
use, and high reproducibility compared to traditional one- 
dimensional sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis [12,13]. The use of this "lab-on-a-chip" device 
together with the Protein 230 LabChip kit was validated and 
its use proposed for the routine clinical practice to quantita- 
tively estimate the concentration of several protein species 
[13]. 

The present study was performed in patients with mild 
DE at an early stage, when diagnosis is still problematic 
as clinical signs are often poor or lacking at all. Data were 
obtained by analyzing samples from single subjects, and 
pooling was not necessary, unlike how it is often reported in 
proteomic studies. As documented with the normal Schirmer 
test I values recorded in patients with DE included in the 
study, a suitable amount of tears was always detectable, 
which made collecting the tears needed for analysis easier. In 
normal subjects, the amount of total tear protein, the profile 
of major proteins, and their individual percentage agreed 
with previous literature [26]. Our data also showed that in 
patients with early DE a reduction in tear protein content as 
a whole was associated with a decrease in proteins that may 
have protective functions and lipid binding properties, and an 
increase in inflammatory-related proteins. 

In the previous literature, changes in the tear protein 
profile were recognized in severe DE as in patients with 
Sjogren's syndrome [6,27]. As stated, DE is a progressive 
disease, with phases of severity in waves [1]. Our results 
demonstrate that protein changes occur at an early DE stage 
and may suggest the role of these changes in the failure of 
homeostasis from the beginning. 

Analysis of total protein content in a given biologic 
fluid sample is a basic method that provides information 
on general health conditions; abnormal total protein levels 
indicate further tests are required to investigate major organ 
involvement. In this study, the total proteins present in tears 
from patients with DE were decreased compared to normal 
unaffected control subjects, suggesting an impairment of 
lachrymal function unit synthesis capabilities. 

Lachrymal gland-derived antimicrobial tear proteins, 
lysozyme and lactoferrin, showed slightly different results in 
this study, but the trend was strongly related. The percentage 
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versus total protein content value remained unaltered for lyso- 
zyme while a limited decrease was shown for lactoferrin in 
the tears from patients with DE versus the tears from controls. 
Both proteins, in fact, were the two most abundant species in 
the control and DE tear profiles. On the contrary, the absolute 
content of lysozyme and lactoferrin significantly decreased 
in tears from patients with DE versus control tears, demon- 
strating a decrease in lachrymal gland synthesis, as they 
represent gland function [28]. In addition to other mecha- 
nisms, a decrease in lactoferrin can contribute to an increase 
in inflammatory markers in tears, as has been suggested in 
keratoconus [29]. 

Tear lipocalins, representing the largest group of lipid 
affinity proteins in tears, are produced in the lachrymal gland 
as well as in von Ebner's gland and can bind to a wide variety 
of lipids favoring lipid solubility in the tear film during 
blinking [30]. Lipocalin decreases in tears from patients 
with meibomian gland dysfunction [31] and patients with 
early stage hyperevaporative DE [32] were demonstrated in 
past literature. In the present study, lipocalin-1 remained the 
third most abundant species in the profile, but its content was 
reduced in DE versus control tears. Lipocalin-1 also showed 
an inverse correlation versus TFBUT, thus confirming what 
was previously demonstrated [32] by our group, strongly 
supporting the role of this protein in tear stability mecha- 
nisms. Taken as a whole, the findings were consistent with 
an initial impairment of the lachrymal gland at this early DE 
stage. 

Zinc-alpha-2-glycoprotein, a 41-kDa protein, is a 
common component of many body fluids including tears, 
which is [33] secreted by various normal epithelia. Zinc-alpha- 
2-glycoprotein has been shown to stimulate lipolysis in 
adipocytes and to be associated with the extreme weight loss 
that occurs in some cancers [33,34]. However, the specific 
role of ZAG-2 in tears is not known. Due to its structural 
similarity to the major histocompatibility complex class I 
antigen-presenting molecule, a role in the immune response 
has been hypothesized [35]. We demonstrated a decrease in 
ZAG-2 in this study, in agreement with previous work [29,32]. 
Of course, correlation does not imply causation, but a direct 
correlation between ZAG-2 and TFBUT was found, which 
may support a role in managing lipids in tear secretions; 
further studies are needed in this regard. 

Plasma-derived major proteins, serum albumin and 
transferrin, behaved differently in tears from patients with DE 
versus tears from controls. Both proteins derive from plasma 
through a passive filtration from vessels, but in normal tears, 
serum albumin content is extremely low (nearly negligible) 
while transferrin represents the fourth most abundant species, 
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about 10% of the total protein content [26]. Transferrin is an 
iron-binding monomeric glycoprotein belonging to the innate 
immune system of the eye. Along with lactoferrin, transferrin 
contributes to the iron-sequestration mechanisms active 
against pathogens [36]. In the present study, a significant 
increase in albumin and a significant decrease in transferrin 
were shown in tears of patients with early DE versus controls. 

Serum albumin is an indirect sign of subclinical inflam- 
mation as it occurs when there is an increase in protein 
leakage from inflamed conjunctival vessels [12,37]. This 
finding is in agreement with other analyses of the tear 
proteome [32,38]. In the present study, the serum albumin 
increase in tears occurred in the absence of any clinical sign 
suggesting inflammation or detectable conjunctival lesions. 
However, increased rates of evaporation could also contribute 
to elevated serum albumin concentrations, even if the initial 
tear composition is normal. DE is recognized as a "multi- 
factorial disease. . . accompanied by increased osmolarity of 
the tear and inflammation of the ocular surface" [39]. Our 
findings suggest that albumin dosage may be a useful marker 
in objectively assessing ocular surface inflammatory status 
when clinical signs of disease are not evident. 

Transferrin is an iron-binding plasma glycoprotein with 
a molecular mass of 78 kDa, found in many body fluids and 
primarily secreted by the liver but also by epithelia, including 
eye tissues [40]. Lachrymal gland epithelial cells synthetize 
transferrin at least in in vitro models [41]; transferrin is trans- 
ported through transcytotic pathways into lachrymal fluid 
by lachrymal acini in vivo [42]. Two transferrin isoforms, 
pi and P2, can be detected in tears (as well as in ear secre- 
tions, saliva, and cerebral serum fluid) and their relative 
variation is an early marker indicating cerebral serum fluid 
leakage in central nervous system pathology [43]. We did 
not detect the two isoforms reported to be dissociated by 
using P-mercaptoethanol, since a sample buffer without this 
reducing agent is recommended in the Bioanalyzer system. 
As reported, transferrin can potentially derive from plasma 
and epithelia, but our analysis did not distinguish the origin. 
The main outcome, however, is that a decrease in transferrin 
results in an iron imbalance in tears and consequently leads 
to cell damage associated with unbound iron. Low levels of 
transferrin are now recognized as useful markers of inflam- 
mation and disease activity and correlate well with inflam- 
matory cytokine levels in autoimmune disease [44]. 

One intriguing issue is why plasma-derived serum 
albumin and transferrin behave differently in tears of patients 
with DE. The present data may explain only the observation 
of increased albumin leakage from inflamed conjunctival 
vessels and decreased transferrin synthesis and secretion by 
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the lachrymal gland. The opposite variations of these proteins 
in tears cannot be explained by a passive filtration mechanism 
only, and we argue that some unknown controlling factors 
may take place in the passage through the blood-epithelial 
barrier. 

The demonstrated variations in the proteins presented in 
this study were not produced by lachrymal stimulation during 
sampling, as we carefully aspirated tears atraumatically. In 
addition, stimulated samples were shown to have a decreased, 
not an increased, level of albumin; further, no substantial 
change in lactoferrin, tear-specific prealbumin, or lysozyme 
occurred during overstimulation [45]. 

In this study, we analyzed the potential of tear proteins 
as markers for diagnosing patients with early DE, compared 
with the most common clinical tests used in daily practice. 
Many papers in the literature demonstrated the low perfor- 
mance of the Schirmer test I, especially in the early stage of 
DE disease, and suggested a lower cut-off level to gain accu- 
racy [16]. However, when the disease is at the onset, Schirmer 
test I may not show any loss of gland function: whereas, the 
protein composition may already have changed significantly, 
as we demonstrated in the present work. Discussion in detail 
of these aspects is beyond the scope of this paper; we refer the 
reader to a comprehensive review of the issue by the Interna- 
tional Dry Eye Workshop [16]. 

The diagnostic performance of all the proteins taken 
separately was higher than the values exhibited by any clinical 
test to date, with particular reference to values demonstrated 
by total protein content, albumin, and lipocalin-1. These three 
parameters also showed the highest correlation coefficient 
with an estimated DE severity score 1 or 2 [13]. 

Due to DE natural history, a combination of variables 
rather than a single one likely performs better as a diagnostic 
test to cover all stages of the disease. Thus, we addressed 
the question whether combined testing yields meaningful 
gains in performance compared with using one test alone. 
Several options were estimated, and the overall enhanced 
performance of protein combinations versus clinical test 
combinations was demonstrated. This is true in particular 
for the likelihood ratio (LR) value, an index that incorporates 
the sensitivity and specificity of the test and gives the estima- 
tion of how much a test result will change the odds of having 
the disease. High LR (e.g., LR>10) indicate that the test can 
be used to rule in the disease. Our data demonstrated that 
the combination of Schirmer test I and TFBUT increases the 
odds of having the disease only by 2, while the combination 
of albumin, total protein content, and lipocalin 1 at the given 
thresholds increases the odds by 41. In addition, the PPV of 
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this combination of proteins estimates that the value is true 
with a percentage of 99.9%. 

In the present research, we proposed a tear protein panel 
that can support clinicians in diagnosing mild and early 
stages of DE. The method can provide validated data for trials 
investigating clinical/therapeutic outcomes, and is suitable for 
affordable application in a clinical setting, in terms of time 
and costs. 
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